Immune checkpoint inhibitors, as single-agent therapy, have shown modest clinical efficacy in the treatment of acute myeloid leukemia (AML) and myelodysplastic syndromes (MDS). As has been successfully shown in other less immunogenic hematologic malignancies, rationally designed combination approaches may be more effective than singleagent checkpoint inhibitors, and may be the approach to pursue in AML/MDS. Hypomethylating agents (HMAs) such as azacitidine, while enhancing anti-tumor immune response, concurrently dampen immune response by upregulating inhibitory immune checkpoint molecule expression. Immune checkpoint molecule upregulation may be an important mechanism of azacitidine resistance. These findings have resulted in multiple clinical trials combining HMAs with immune checkpoint blockade. Clinical trial data have shown encouraging response rates and durable responses without resorting to stem cell transplant. In this review, we discuss preclinical data supporting the use of these agents in combination, and focus on clinical and correlative data emerging from numerous clinical trials investigating HMA-immune checkpoint inhibitor combinations in AML/MDS.
Introduction
One of the major factors driving anti-tumor immune responses is the activation of T cells through a complex and tightly regulated process. Activation of T cells is comprised of two important and necessary signals: First, is the presentation of antigen, essentially a peptide/major histocompatibility complex (MHC) complex, by an antigenpresenting cell (APC) to the T-cell receptor (TCR) present on T cells. Second, is the co-stimulatory signal, which is provided by the APCs through B7 molecules (B7-1 and B7-2) and their interaction in turn with CD28 present on the T cells. Only when both the signals are present via the APC-T cell interaction, parallel positive-and negativesignaling programs are initiated. On one hand it initiates intracellular signaling leading to cytokine production, cellcycle progression, and upregulation of anti-apoptotic factors that cause T-cell proliferation and differention. On the other hand, it leads to the induction of inhibitory molecules including cytotoxic T-lymphocyte-associated-protein 4 (CTLA-4) and others on T cells, which ultimately triggers the termination of the activation response. There are several other co-stimulatory and inhibitory molecules, which regulate T-cell activation [1] . Some examples of other costimulatory molecules are 4-1BB and CD27 (expressed on T cells), CD80, and CD86 (expressed on APCs). Examples of other co-inhibitory molecules are PD-1, PD-L1, LAG3, TIM3, and VISTA. The most relevant and widely studied in clinical settings are CTLA-4, programmed cell-death protein PD-1 (expressed on activated and exhausted T cells) and and its ligands PD-L1 (expressed on many cell types including epithelial cells, immune cells, and endothelial cells) and PD-L2 (predominantly expressed on APCs) [1, 2] .
CTLA-4 and PD-1/PD-L1 are immune checkpoint molecules that operate at different stages of T-cell activation These authors contributed equally: Naval Daver, Prajwal Boddu.
and dampen T-cell anti-tumor response by different mechanisms of action. CTLA-4 is expressed on the T cells and is a homolog of CD28. It regulates T-cell activation during the initial stages of T-cell-mediated anti-tumor immune responses by binding with a higher avidity to both B7-1 and B7-2 molecules. This leads to attenuation of CD28 co-stimulatory signaling by directly competing with CD28 for binding to B7 molecules and initiating a negativesignaling network. The PD-1/PD-L1 signaling pathway predominantly modulates T-cell activity by inhibiting TCR signaling after T cells exit the circulation and migrate to tumor tissues, thus playing an important role in peripheral tolerance [3] . Signaling through PD-1 dampens T-cell activation following TCR/MHC engagement and CD28 activation [3, 4] . In normal physiologic states, PD-1 functions to limit T-cell effector responses to foreign antigens, infections and inflammation, preventing unchecked immune hyperactivation that would be detrimental to the host. In malignancies, the PD-1/PD-L1 pathway plays an important role in tumor immune evasion, thereby promoting tumor growth [5] .
Clinical trials with antibodies targeting both the PD-1 and CTLA-4 pathways have demonstrated marked efficacy against a variety of solid tumors, and more recently in hematologic malignancies including classical Hodgkin's lymphoma (cHL), non-Hodgkin's lymphoma (NHL), and multiple myeloma (MM) [6, 7] . However, data suggest that the optimal benefits of immune checkpoint inhibitors in the broad majority of patients with NHL and MM were obtained not with single-agent checkpoint inhibitor therapy, but when combined with standard therapies to further improve the response rates, progression-free survival (PFS), and eventually overall survival.
Discussion
Immune check point therapies in hematological malignancies cHL is particularly susceptible to PD-1 inhibition due to its unique pathophysiologic features, with immune infiltration, which is ineffective and malignant Reed-Sternberg cells that overexpress PD-L1. The Reed-Sternberg cells have chromosome 9p copy number alterations targeting PDL-1, PDL-2, which leads to increased PD-L1 and PD-L2 expression. In addition, 9p amplification also targets JAK2 leading to increased JAK-STAT signaling thereby further inducing transcription of PD-L1 and PD-L2 [8] . There is upregulation of PD-L1 and PD-L2 ligands by Epstein-Barr virus (EBV) infection in EBV positive cases of cHL [9] . A phase I trial involving 23 heavily pre-treated patients with cHL, who received the anti-PD-1 antibody nivolumab, reported high objective response rates of 87%, including 17% complete responses (CR) and 70% partial responses (PR) [10] . Comparable results were reported with another anti-PD-1 antibody pembrolizumab [11] . In preliminary results from a study in patients with refractory/relapsed cHL, the combination of brentuximab vedotin with nivolumab produced an overall response rate (ORR) of 100% in evaluable patients, with a CR rate of 62.5% [12] . In a recent report seven of eight evaluable patients with heavily pre-treated cHL achieved metabolic CR (87.5%) with anti-PD-1 antibody therapy (nivolumab or pembrolizumab); interestingly five patients had prior therapy with azacitidine and all achieved a CR suggesting an epigenetic priming effect to immune checkpoint inhibition [13] . Recently, other hematologic tumors with 9p copy number alterations and highresponse rates to single-agent anti-PD-1/PD-L1 therapies have been identified including primary mediastinal B-cell lymphoma [14] , primary central nervous system (CNS) and primary testicular lymphoma [15] , and NK/T cell lymphomas [16] .
In contrast to cHL, single-agent immune checkpoint blockade has demonstrated limited activity in NHL's [17] . However, immune checkpoint antibodies have demonstrated marked synergism when combined with other agents in NHL's, particularly follicular lymphoma. A phase II trial evaluating rituximab and pidilizumab in relapsed/refractory follicular lymphoma reported response rates of 66% (19/29 patients) including CR in 52% and PR in 14% [18] . Rituximab monotherapy in a similar population would be expected to produce a response rate of 35-40% with a CR rate of 10-15% [19] . Similarly, while the results with singleagent immune checkpoint blockade therapy in MM have been disappointing, with almost no objective single-agent responses in two phase I trials of nivolumab alone [20] and pembrolizumab alone [21] , the combinations of pembrolizumab-lenalidomide-dexamethasone, and of pembrolizumab-pomalidomide-dexamethasone showed synergism in phase II trials, with objective response rates of 50-65% and median PFS of 16-18 months [22, 23] . This represents a doubling of the response rate and a 3-4 fold increase in PFS than has been reported with pomalidomide-dexamethasone therapy in patients with relapsed/refractory MM [24, 25] . In July 2017, the US FDA placed a clinical hold on three clinical trials [two phase III (KEYNOTE-185 and KEYNOTE-183) trials and one phase I (KEYNOTE-023) trial] using immunomodulatory agents lenalidomide or pomalidomide with or without pembrolizumab in patients with relapsed MM, after an independent data-monitoring committee discovered more patient deaths were observed in the pembrolizumab containing arm [26] . Following risks observed in the pembrolizumab clinical trials, a number of studies evaluating PD-1 inhibitor nivolumab and PD-L1 durvalumab in patients with relapsed MM and lymphoma were also placed on partial clinical hold by the US FDA in September 2017 [27, 28] . Patients enrolled in the trials on partial hold were allowed to continue on treatment if achieving clinical benefits. A randomized, multicenter, international study evaluating azacytidine, and durvalumab vs. azacytidine alone in patients with frontline high-risk myelodysplastic syndromes (MDS) and older AML (NCT02775903) and a randomized, multicenter trial of oral azacytidine (CC-486) alone or in combination with durvalumab in patients with MDS who had failed hypomethylating agent therapy (NCT02281084) were allowed by the FDA to continue enrollment. Recently, in December 2017, the FDA has removed the partial holds on two of the studies evaluating nivolumab with immunomodulatory agents in patients with relapsed MM.
T-cell repertoire and checkpoint expression in AML/ MDS
T cells are present in both the bone marrow (BM) and the peripheral blood (PB) among patients with AML. The median T-cell population in the BM aspirates of patients with AML is 8-25% [29] . The T cells made up a significantly larger proportion of the CD45 + population (nonleukemic cells) in BM aspirates from patients with AML as compared with healthy donors. The T cells in patients with AML exhibit distinct phenotypic and genotypic differences from T cells of healthy donors. The proportion of CD8 T cells, the CD8/CD4 ratio, the T-regulatory cell population, and the CD4 + naive and memory cell populations increased in the CD45 + population in the BM of patients with AML compared with healthy donors [29, 30] . The T cells in the BM from patients with AML express activation markers (such as CD25, CD69, OX40) at a significantly higher rate than seen in healthy donors, indicating that the AML BM is an inflamed microenvironment [31, 32] . There is an increased overall expression of inhibitory surface molecules associated with T-cell exhaustion on CD4
+ and CD8 + T cells of AML patients compared to controls [29, 33, 34] . Gene expression profiling studies on T cells from patients with AML have demonstrated aberrant T-cell activation patterns as compared to healthy donors [35] . The gene expression profile of T cells from AML was markedly different from that noted on T cells from healthy donors or T cells from patients with chronic lymphocytic leukemia (CLL) [35] . While T cells from patients with AML appeared to be more activated than healthy donor T cells, a comparison made with gene lists obtained in healthy T-cell activation suggested that gene expression changes in the AML-derived T cells were not purely attributable to upregulation of normal signaling that occurs in healthy T-cell activation [35] . Pathway analysis showed that the genes for T-cell activation and signaling that were upregulated in patients with AML were different from genes for T-cell activation previously noted to be upregulated in CLL, suggesting a potential need for differing strategies for evading T-cell-mediated immune surveillance in different malignancies [35, 36] . It has been demonstrated in murine models that, similar to many solid tumor malignancies, PD-1/PD-L1 pathways plays an important role in evading T-cell responses in leukemia [37] . Studies to evaluate the immune landscape in patients with AML have demonstrated overexpression of co-inhibitory immune checkpoints such as PD-1 and costimulatory checkpoints such as OX40 on T cells in BM aspirates from patients with AML compared with healthy donors [29] . Tan et al. [34] demonstrated that CD8 + T cells with an exhausted phenotype (i.e., coexpressing CD244 + or CD57+) were significantly increased in de novo AML group compared with healthy controls. Zhou et al. [38] identified T-cell immunoglobulin, and mucin domaincontaining protein 3 (Tim3) co-expression on CD8 + Tcells was associated with a T-cell exhaustion phenotype that increased during disease progression, and that combined PD-1 and Tim3 blockade had an additive effect in reducing murine AML tumor burden and improving murine survival. Compared to healthy controls, patients with relapsed and newly diagnosed AML had a higher percentage of exhausted T-cell phenotype (PD-1 + TIM3 + and PD-1 + LAG3 + CD8 T cells) in the BM [39] . The PD-1 expression on the BM T cells was higher in multiply relapsed AML compared with first salvage AML, newly diagnosed AML or healthy donors (PD-1 on T-cells in multiply relapsed > first salvage > newly diagnosed > healthy donor), suggesting progressive T-cell exhaustion with more advanced AML [29] . Similar to PD-1 expression on T cells, blasts in the BM in AML expressed a higher percentage of PD-L1 compared to healthy controls [39] . Among newly diagnosed AML, the frequency of PD-L1-positive AML blast was highest in patients with AML with TP53 and adverse cytogenetics. Additionally, PD-L1 expression on leukemia/ tumor cells was significantly higher in the relapse patients than in untreated patients [40] . a multivariate analysis for overall survival in patients with AML, PD-L1 promoter methylation (mPD-L1) added significant independent adverse prognosis to established prognostic factors such as high white blood cell count, high-risk karyotype, TP53 mutation, and FLT3 mutation [41] .
For MDS a few studies have looked at checkpoint expression. PD-L1 and PD-L2, the ligands for PD-1, were overexpressed in higher-risk MDS. Treatment with decitabine increases the expression of these molecules in a concentration-dependent manner [42] . The expression of these ligands was also increased in MDS that had relapsed or was refractory to therapy with hypomethylating agents (HMAs) [42] . A further discussion of findings from these studies is included in the sections below.
Highlighting the immunosuppressive environment in AML and MDS AML cells create an immunosuppressive environment and induce immune tolerance through several pathways, targeting of some of which has therapeutic implications in management [43] . Similarly to solid malignancies, AML cells have been demonstrated to have reduced T-cell and NK-cell function and cytotoxicity [35, 44] , and an expanded population of T-regulatory cells [45] . There exists extensive cross-talk between AML cells and the surrounding hematopoietic microenvironment. Mesenchymal stromal cells (MSCs) play a vital role in the development and maintenance of the hematopoietic system [46] . They also have immune-modulating activity and can inhibit naive and memory T-cell responses to stimuli [47] . One of the mechanisms of T-cell response inhibition by human MSCs is the expression of IDO (indoleamine 2,3 dioxygenase), an interferon (IFN)-gamma induced enzyme that catalyzes the conversion of tryptophan to kynurine [48, 49] . Tryptophan depletion and kynurine production inhibits T-cell effector function [50] . In vitro studies have shown that forced IDO expression enhanced the inhibitory effect of MSCs on lymphocytes [51] . IDO-dependent immunosuppressive pathways may be an important mode of immune escape in AML via multiple mechanisms. IDO enzymatic activity was demonstrated to be increased in the blood of AML patients compared to controls [50] . T-cell regulatory cell frequencies were upregulated in AML expressing IDO [52] . Furthermore, AML cells were able to induce T-cell tolerance by converting CD4 + CD25-T cells into CD4 + CD25 + T(reg) cells through an IDO-dependent mechanism; supporting the observation that IDO may promote immune evasion through promotion of T regulatory cell function [52] .
Proliferation assays have not revealed functional defects in the T cells of patients with AML with respect to proliferation or cytokine production, either at diagnosis or at relapse [53, 54] . Functional characterization studies have shown that PB T cells from patients with AML are able to proliferate and produce IFN-gamma when co-stimulated with anti-CD3 + anti-CD28 (additional engagement of costimulatory signals). In sharp contrast, simultaneously collected BM T cells from the same patient were unable to divide or produce IFN-gamma in the presence of anti-CD3 + anti-CD28 stimulation, but required addition of a PD-1 antibody to induce proliferation and IFN-gamma production. This demonstrated that immune exhaustion was more profound in the BM T cells and was reversible, at least in some cases, by blocking the inhibitory checkpoint pathways such as PD-1 [55] . These data suggest that decreased effector function may not be due to an inherent defect in T cells in AML, but rather due to increased inhibitory immune checkpoint expression on the T cells from longterm contact with AML cells or stromal elements in the leukemic BM [53, 56] .
There is data to suggest that MSCs are functionally altered in MDS as well, and favor the survival of abnormal CD34 + hematopoietic stem cell progenitors (HSCs). Cross-talk between HSCs and MSCs has a reprogramming effect on MSCs, resulting in the upregulation of genes involved in inflammatory and cytokine signaling pathways and favoring engraftment of MDS CD34 + cells [57] . Also, MDS-derived MSCs have shown to express very high levels of Fas-L making them potential targets to apoptosis by Fasexpressing hematopoietic cells [58] .
It has been demonstrated that CD33-expressing MDSCs (myeloid-derived suppressor cells), which have an effect on myeloid differentiation, are increased in MDS [59] . MDSCs mediate immunosuppression via reducing T-cell proliferation and functionality via CD33-S100A9 receptor-ligand pathway [60, 61] . In higher risk MDS, there appears to be an impairment of T-cell immune response with lower numbers of CD8 + and NK cells, and increased levels of Tregs [62] [63] [64] . The decline in the proportion of CD8 + T cells with increasing disease risk in MDS appears to be related to the expression of PD-1/PD-L1 [42] . These data suggest that similar to AML higher expression of PD-1/PD-L1 in BM in MDS may be associated with an inferior prognosis.
These data have led to the initiation of several clinical trials evaluating the potential therapeutic role of checkpoint inhibitors in AML and MDS. Preliminary data suggests that single-agent anti-PD-1 antibodies have limited activity in patients with AML and MDS [17, 65] . CTLA-4 inhibition may have single-agent activity in AML and MDS, as has been shown in post-stem cell transplant relapsed AML [66] and in MDS that is refractory/relapsed post-HMA agents [65] . Similar to follicular lymphoma and MM, rational combinations of immune checkpoint inhibitors with other standard anti-leukemic agents may be needed to improve the response rates, the durability of response, and the overall survival in patients with AML/MDS.
Hypomethylating agents and modulation of antitumor immune responses
HMAs, such as azacitidine and decitabine, have demonstrated diverse immune-modulating activities on tumor infiltrating lymphocytes and on leukemic cells [67] (Fig. 1 ). An important mechanism of tumor immune response evasion by cancer cells lies in their ability to alter the expression of tumor-associated antigens, resulting in deficient antigen presentation [68] . HMAs have favorable effects on anti-tumor immune response by upregulating a range of immunomodulatory pathway-related genes [69] including the expression of cancer testis antigens (CTAs) [69] [including melanoma-associated antigens (MAGE-1) and NY-ESO-1] [70, 71] , increasing the expression of HLA class 1 on tumor cells allowing for improved tumor recognition [72] , upregulating co-stimulatory molecules (CD28, CD40L) [72] , and upregulating IFN-gamma pathway viral defense genes (IRF7, IFI27, IFI44, DDX41, [73] demonstrated that treatment with azacitidine and valproate upregulated the expression of MAGE antigens on AML and myeloma cell lines and induced CD8 + cytotoxic T lymphocyte responses to MAGE antigens in patients previously lacking CTL responses. The achievement of CTL responses appeared to be associated major clinical responses. Apart from their effect on immune antigen expression, HMAs also impact T-cell population numbers. Costantini et al. [74] demonstrated that the percentage and absolute number of PB T-reg cells were significantly higher in patients with MDS than in healthy controls. The PB T-reg numbers in MDS decreased to normal after 9 months of azacytidine therapy. The PB T-regs were also higher in non-responders than responders to azacytidine. Interestingly, the PB Th1 and Th2 cells, but not Th-17 cells were reduced with azacytidine treatment. Among the CD8 + lymphocytes, there was a shift toward CD8 + /IFNγ + T subtype, which expresses a higher level of PD-1 [75] .
Expression of PD-1 on T cells appears to be tightly coupled to the DNA methylation status of CpG sites in the PD-1 promoter [76] . DNA methylation status is inversely correlated with the expression of PD-1 protein. Treatment of activated CD8 T cells with azacitidine results in hypomethylation of the PD-1 promoter, which in turn leads to increased expression of PD-1 on T cells. This increased expression of PD-1 on T cells promotes exhaustion of tumor-specific T cells. Orskov et al. [77] showed treatment with azacitidine to be accompanied by DNA demethylation in the PD-1 promoter in 44% of patients with AML/MDS. Patients who did not respond to azacitidine therapy had a significantly higher baseline PD-1 promoter methylation compared to healthy controls, with consequently more demethylation in the promoter regions for PD-1 and PD-L1 on azacitidine therapy, resulting in an increased expression of PD-1/PD-L1 by flow-cytometry [77] . Demethylation of the PD-1 promoter correlated with a significantly worse ORR (8% vs. 60%, P = 0.014), and with trends towards a shorter OS (P = 0.11). Furthermore, PD-1 demethylation was reversible but occurred with each subsequent cycle of azacytidine. This process of PD-1 promoter hypomethylation is akin to the situation during chronic infections where the PD-1 promoter remains unmethylated, resulting in continuous PD-1 expression in the chronically activated T cells, leading to the eventual exhaustion of the T cells and termination of the inflammatory process [78] .
Silencing of the immune-related genes is frequently mediated by DNA methylation, a process reversed by HMAs, leading to immune-related gene re-expression [67, 79] . Wrangle et al. [67] showed that the genes re-expressed by HMAs were particularly enriched for IFN-gamma response pathway components. In a study, by Li et al. [69] , exposure of epithelial cancer cell lines to azacitidine resulted in the upregulation of several immunomodulatory pathway genes including IFN signaling, antigen processing and presentation, and cytokines/chemokines.
Mice pre-treated with azacitidine demonstrated an enhanced response to anti-CTLA-4 therapy [80, 81] . The potentiating effect of azacitidine on the anti-tumoral activity of anti-CTLA-4 antibody involved the hypomethylation of human endogenous retroviral (ERV) elements, leading to the expression of viral double-stranded RNAs (dsRNAs) and the cytosolic sensing of these dsRNAs. Knock down of the dsRNA sensors, triggered in ovarian cells exposed to DNMTis, reduced this viral defense response by twofold [69] . The induction of human ERV transcripts facilitates the activation of viral defense associated genes and the cellular antiviral response. Induction of viral defense pathways includes upregulation of immune effector pathway signaling genes, thereby leading to sensitization and a favorable milieu for anti-CTLA-4 antibody therapy.
Hypomethylating agents appear to have a dual effect on anti-tumor immunity. In addition to the favorable effects on anti-tumor immunity discussed above, HMAs blunt antitumor immunity by upregulating the expression of the inhibitory checkpoint receptor PD-1 on T cells and inhibitory ligands PD-L2 and PD-L1 on the tumor cells. Immunologically, upregulation of PD-1/PD-L1 if left unchecked promotes T-cell exhaustion. Therapeutically, this phenomenon raises the possibility of enhanced sensitivity to PD-1/ PD-L1 blockade. Wrangle et al. [67] first reported an immunomodulatory priming effect with HMA therapy that sensitized patients to subsequent PD-1/PD-L1 blockade. They noticed higher than expected response rates in patients with advanced non-small cell lung cancer (NSCLC) who had failed prior therapy with azacitidine and were subsequently treated on trials with anti-PD-1/PD-L1 antibodies: three of six patients achieved durable PRs lasting 14-26 months and an additional two patients had stable disease lasting approximately 8.5 months [67] . Azacitidine treatment of NSCLC cell lines showed alterations in innate and adaptive immunity related genes and pathways, including upregulation of genes involved in immune evasion such as PD-L1. It was suggested that increased PD-L1 expression may have been driven either by cell-intrinsic mechanisms or via adaptive resistance, through IFN-gamma signaling and subsequent STAT activation. Notably, CTLA-4 ligands namely CD80 and CD86, were not altered with azacitidine treatment in the cell line studies. In a study by Yang et al. [42] , azacitidine upregulated PD-1 and PD-L1 (≥2-fold) mRNA expression on the PB mononuclear cells in approximately 50% of patients with AML or MDS. PD-1 and its ligands, PD-L1 and PD-L2, and to a lesser extent CTLA-4, were also aberrantly upregulated (≥2-fold) on BM CD34 + cells by mRNA expression, in approximately 30-40% of patients with AML or MDS. Patients resistant to azacitidine-based therapy had relative higher increments in gene expression on the PB mononuclear cells and BM CD34 + cells as compared with patients who achieved response, suggesting this could be a mechanism of resistance. Upregulation of PD-L1 and PD-L2 on mononuclear cells, but not PD-1 and CTLA-4 was associated with inferior OS. In MDS and AML cell lines treated with decitabine, the expression of PD-L1, PD-L2, PD-1, and CTLA-4 increased in a concentration-dependent manner. These changes were not observed after treatment with cytarabine [42] .
Clinical trials of immune checkpoint inhibitors: hypomethylating agents in AML/ MDS

A. Combinations of immune checkpoint inhibitors with HMAs in AML
A number of trials combining HMAs with PD-1/PD-L1-based therapies have recently started enrollment for AML and MDS including azacitidine with the anti-PD-1 antibody nivolumab (NCT02397720), azacitidine with or without the anti-PD-L1 antibody durvalumab (NCT02775903), and azacitidine with or without the anti-PD-L1 antibody atezolizumab (NCT02508870) ( Table 1) (Fig. 2) . Among these, the nivolumab (Opdivo, BMS-936558, Bristol-Myers Squibb) and azacitidine combination is currently being evaluated in a phase I/II trial in patients with relapsed/ refractory AML and in frontline therapy for older patients with AML (≥65 years) not fit for intensive chemotherapy (NCT02397720) [82] . The study included 53 patients with relapsed/refractory AML. The median age of the patients was 69 years; the median of prior salvage therapies was 2 (range, 1-7); 47% of the patients had poor-risk cytogenetics. Among 35 patients evaluable for response, the ORR was 34%, including six complete remissions (CRs)/complete remission with insufficient count recovery (CRi) (18%), and five hematologic improvements that were maintained >6 months (including two patients who had concomitant >50% blast reduction). The 8-week mortality was 6%. Notably, the response rates were higher in patients with a diploid karyotype. The outcomes compared favorably to a response rate of 15-18% in a historic control group of similar patients treated at the same institution with azacitidine alone or decitabine alone. At a median follow-up of 6 months, only one of 11 patients who achieved CR had lost response and two patients had died (1 relapse, 1 cardiac failure while in remission). This suggests a durable remission benefit among responders (Table 2) . Grade 2-4 immune-related adverse events (irAEs) were observed in 12 patients (24%). There was a wide variation in the time to 
CD8
+ cells on therapy, suggesting that combination blockade of these two major co-inhibitory pathways may improve response rates and durability of responses [82] . Dual combination of nivolumab (PD-1) and ipilimumab (CTLA-4) with azacitidine in relapsed and in frontline elderly AML therapy has recently begun enrollment (NCT02397720). Table 2 ). The 
B. Combinations of immune checkpoint inhibitors with HMAs in MDS
Conclusion
It is becoming increasingly clear that the heavy systemic disease burden, the immunosuppressive effect of the tumor microenvironment, and the moderate overexpression of immune checkpoints co-stimulatory receptors on T cells and ligands on tumor cells, result in low single-agent activity with immune checkpoint inhibitors in hematologic malignancies including follicular lymphoma, MM, AML, and MDS. The immune checkpoint inhibitors are best exploited in combination strategies with other standard therapies in these hematologic malignancies. Such rationally designed combination approaches have shown significant improvements in response rates and PFS. Induced expression of immune checkpoint pathway-related genes (PD-1, PD-L1, PD-L2) by HMA, leading to ''exhaustion'' of T cells may be restored by concomitant PD-1/PD-L1 blockade. At the same time, frequently described evasion mechanisms to immune checkpoint blockade therapy such as MHC downregulation, decreased tumor antigen expression, and loss or decreased co-stimulatory ligand expression may be abrogated by the anti-tumor immunity enhancing effects of HMAs. Consistent with these preclinical observations, anti-PD-1/PD-L1 antibodies in combination with HMAs are being evaluated in clinical trials in patients with AML and MDS with early encouraging results. Efforts at optimization of study designs, development of double checkpoint combinations, identification of biomarkers of response to facilitate selection of patients best suited for these therapies, and identification and management of immune-mediated toxicities are ongoing, and will hopefully further improve outcomes.
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